Controlled micro/mesopores interconnected structures of three-dimensional (3D) carbon with high specific surface areas (SSA) are successfully prepared by carbonization and activation of biomass (raw rice brans) through KOH. C arbon-based electrical double layer capacitors (EDLCs) or supercapacitors offer unique advantages of high power density and extraordinary cyclability but provide moderate energy density 1,2 . Enhancing their energy density without compromising the mentioned advantages would enable their widespread applications 3, 4 . For instance, the ever-increasing market penetration of hybrid electric or fully-electric vehicles (HEVs or EVs) requires not only a continual improvement of the power density during acceleration but also enhance energy density for uninterruptible power supplies 5, 6 . EDLCs are electrochemical capacitors that electrostatically store charge using reversible adsorption of ions of electrolyte onto porous electrode materials with high surface area and pores adapted to the size of ions [7] [8] [9] [10] [11] . The high-surface-area (.2000 m 2 g 21 ) conventional biomass, coal, or petroleum-derived activated carbons (ACs) are already employed in existing commercial EDLC-based devices 12 . Unfortunately, they possess energy density limitations (5-8 Wh kg 21 ) 13,14 for high power density. Microporous guarantee their high specific surface area and low porosity, however, some pores with smaller size than ions prevent efficient ion electroadsorption 8 . Such as, the pores with size of less than 0.5 nm are generally considered too small to form a double layer, which do not contribute to total double layer capacitance 9 . While ideal micropores should be slightly larger than the de-solvated ions so as these ions passes through pores smoothly [7] [8] [9] . Moreover, carbon of exclusively microporous will increase the equivalent resistance and consequently decreased power denisity [12] [13] [14] [15] [16] . On the contrary, abundant porous texture combines macroporous and mesoporous 17-20 may exhibit ultrafast rate capability in applications with improved ionic mass transport inside relatively large pores. However, their limited surface area (typically below 1000 m 2 g
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arbon-based electrical double layer capacitors (EDLCs) or supercapacitors offer unique advantages of high power density and extraordinary cyclability but provide moderate energy density 1, 2 . Enhancing their energy density without compromising the mentioned advantages would enable their widespread applications 3, 4 . For instance, the ever-increasing market penetration of hybrid electric or fully-electric vehicles (HEVs or EVs) requires not only a continual improvement of the power density during acceleration but also enhance energy density for uninterruptible power supplies 5, 6 . EDLCs are electrochemical capacitors that electrostatically store charge using reversible adsorption of ions of electrolyte onto porous electrode materials with high surface area and pores adapted to the size of ions [7] [8] [9] [10] [11] . The high-surface-area (.2000 m 2 g 21 ) conventional biomass, coal, or petroleum-derived activated carbons (ACs) are already employed in existing commercial EDLC-based devices 12 . Unfortunately, they possess energy density limitations (5-8 Wh kg 21 ) 13,14 for high power density. Microporous guarantee their high specific surface area and low porosity, however, some pores with smaller size than ions prevent efficient ion electroadsorption 8 . Such as, the pores with size of less than 0.5 nm are generally considered too small to form a double layer, which do not contribute to total double layer capacitance 9 . While ideal micropores should be slightly larger than the de-solvated ions so as these ions passes through pores smoothly [7] [8] [9] . Moreover, carbon of exclusively microporous will increase the equivalent resistance and consequently decreased power denisity [12] [13] [14] [15] [16] . On the contrary, abundant porous texture combines macroporous and mesoporous [17] [18] [19] [20] may exhibit ultrafast rate capability in applications with improved ionic mass transport inside relatively large pores. However, their limited surface area (typically below 1000 m 2 g
21
) and high porosity (,0.3 g cm 23 ) with limited active sites minimizes the energy density of EDLCs, i.e. materials with few micropores and mesopores cause a limited capacity (, 120 F g 21 in organic electrolytes) 21, 22 . Several methods have been explored for pore size distribution (PSD)-controlled microporous and mesoporous carbon synthesis for EDLCs 13 . Carbide-derived carbons and templated carbons with controlled pore sizes try to ensure smooth ion transfer, but their relatively sophisticated synthesis process and/or the use of toxic chemicals/gases limit the production in large-scale 13 . In addition, as a renewable resource, biomass has attracted a great deal of attention in preparation of porous carbon materials for supercapacitors 12, 14, 16 , due to their low cost, huge availability, rapid regeneration and environment friendliness. However, their energy density and rate performance is still unsatisfactory. Therefore, the successful and large-scale commercial popularization of high energy density supercapacitors, in a longer-term perspective, ought to rely on the advantage of huge abundance, easy access, direct biomass raw materials for producing ACs synthesis with high surface area and well-controlled DSP both for high capacity and high rate capability.
Rice bran is a by-product of rice milling industry with amazing amount of 2.93 3 10
7 tons per year all over the globe. It is a multilayers structure composed of pericarp, episperm, aleurone, subaleurone layers and parts of the germ 23 . Usually, rice bran is used as animal feed or discarded as a waste thus frequently causing disposal problems 23 . Rice bran was trying to prepare activated carbon, but its application limited with low surface area (260-652 m 2 g 21 ) 24 . In this study, we reported a new route to produce rice bran derived honeycomb-like 3D carbons (RBC-X) via combined precursor carbonization and activation process, which have features of high surface area and well-balanced micro/mesoporosity. The relationship between pores structure of RBC-X and its electro- 
Results and discussion
The structure and morphology of rice brans (RB) and final products prepared were analyzed by scanning electron microscopy (SEM) and transmission electron microscope (TEM), respectively. The laminar surface of rice bran framework was smooth as shown in Fig. 1a . However, it contains natural pore structure biopolymers in cell wall (inset of Fig. 1c ). After 700uC carbonized process (RBC), it had low specific surface area (SSA) 33 m 2 g 21 and pore diameters mainly concentrated around 25 nm and pore volume up to 0.2 cm 3 g
21
( Fig. 2b) . After the activation step, the typical RBC-4 provides a unique distribution of interconnected pores of honeycomb-like network structure on surface as shown in Fig. 1b . This network consist of closely linked interconnected few to tens pores, thus forms a perfect hierarchical porous system. RBC-4 takes possession of a unique carbon framework structure from RB precursors confirmed by TEM (Fig. 1c) . The meso/micropores and channels can be clearly seen by high resolution TEM (Fig. 1c-d) . These interconnected pores of carbon materials provided a favorable path for transportation and penetration of electrolyte ions, which are important for fast ion transfer [17] [18] [19] [20] . The elemental analysis shows that C, N, H and S contents in RBCs, which is consistent with the XPS (Table S1 and Fig.  S2 ). Table S1 shows RBCs materials consist of C, N, O and S. The contents of heteroatoms (N, O, and S) gradually decrease with increasing activation agents. While corresponding carbon content increases with increasing activation agents i.e. for RBC-4, carbon content is 92.57 wt.% which is almost equal to YP-17D. Therefore, these porous carbon materials derived from RB could be promising electrode materials for high power density supercapacitors. Fig. 2b it can be seen RBC-X have rapid increase of small pores for ,4 nm while it decreases around 25 nm of porous volume in comparison of RBC. These changes were marked by arrows in Fig. 2b . Besides, when the weight ratio (regenerated KOH/RBC) was greater than 2, the volume of micropores was almost equal while the volume of mesopores rapidly increased. These results demonstrate that an increase in the amount of KOH not only effectively enhance RBC-X specific surface area but also mesoporous volume. In addition, the electrode density of RBC-X are 0.45-0.78 g cm 23 , which is similar to that of commercial ACs (,0.5 g cm 23 ) and higher than that of graphene or CNT materials (,0.3 g cm 23 )
2 . Furthermore, a maximum specific surface area of 2475 m 2 g 21 and pore volume 1.21 cm 3 g 21 with mesoporous volume up to 40% was achieved with a KOH to RBC ratio of 4. The higher surface area mesoporous pore volume and narrower pore size distribution of RBC-4 are advantageous for fast ions transfer and charge storage. Furthermore, the electrical conductivity of the RBC-4 powder and RBC-4 based electrode are ,13.8 S m 21 , and ,21.6 S m 21 , respectively. These are superior than previously reports related to other biomass-based porous carbon 36, 38 . The performance of these RBC-X samples as supercapacitors electrodes was characterized by cyclic voltammetry (CV) measurements (Fig. 3a) .The cyclic voltammetry (CV) curves showed nearly symmetrical rectangular shapes, indicative of an ideal capacitive behavior. However, small and highly distorted CV curves for RBC-1 relative to RBC-4 at a relatively scan rate of 100 mV s 21 were seen. As shown in Fig. 3b , a higher KOH/RBC mass ratio led to a longer discharge times at a same charging-discharge rate. In addition, RBC-4 and RBC-3 can be charged and discharged smoothly with symmetric and well-defined charge-discharge lines at a high current density of 10 A g 21 (Fig. 3b) . However, RBC-2 and RBC-1 show large IR drop, even non-linear charge-discharge curves at the same current density. This might be due to larger surface area that promote ion adsorption space and large sized pores that promote ion diffusion [17] [18] [19] [20] . The higher effective specific surface area and pore volume of RBC-4 exhibited the highest excellent cyclic voltammetry and galvanostatic charge-discharge character (Fig. 3a-b) , indicating that the RBC-4 is the most promising material for supercapacitors electrodes. Fig. 3c gives further evidence that the RBC-4 shows an almost vertical curve in the low frequency region, indicating good capacitance behavior in a frequency range from 100 kHz to 0.01 Hz. And from the high frequency region (inset in Fig. 3c) , not only RBC-4 have a relatively low equivalent series resistance than others but also they showed the much shorter Warburg region portion (the slope of the 45u portion of the curve) than others for better ion diffusion efficiency [25] [26] [27] . Smaller contact resistance among the material and ion produce low equivalent series resistance (ESR) for RBC-4. ESR increases by intrinsic electronic properties of electrolyte solution and electrode matrix. This behavior associates to excellent intrinsic electronic properties of material, mass transmit resistance of the ions in the matrix and contact resistance among the electrode and current collector 25, 28 . The corresponding time constant t 0 29 (the inverse of the characteristic frequency at which 245u is reached in the Bode phase plots) also responded in a similar fashion (Fig. 3d) . The t 0 decreased 2.5 times from 13.2 to 5.3 s as the activating agent KOH to RBC of weight ratio increased 3 times. By contrast, activating agent KOH to RBC of weight ratio less than 34% change in KOH to RBC of weight ratio from the RBC-3 to RBC-4 gave a shift of t 0 decreased 3.5 times to 1.5 s. The above results indicated that highly efficient ion transport channels retained in RBC-4. These results demonstrate that the RBC-4-based material is very suitable for high-rate and highly stable supercapacitors applications. In order to further investigate the high performance of RBC-4, cyclic voltammograms at various scan rates and galvanostatic charge-discharge curves at various current densities were checked (Fig. S4) . RBC-4 still exhibited typical capacitive behavior with rectangular shaped voltammetry characteristics even at a high potential scan rate of 500 mV s 21 , indicating fast and efficient charge transfer rate (Fig. S4a) (Fig. 3e) . The specific capacitances based on surface area efficiently increase, with the increase of heteroatoms contents (N, and O). This may be attributed to large content of heteroatoms (N, and O) enhances the capacitance with same pseudocapacitive effect 30, 33 . However, RBC-4 have the largest specific surface area, therefore also have highest capacitance value than others. These values are much higher than those determined for the activated carbon YP-17D (168 F g 21 , 10.4 mF cm 22 ) and are comparable or superior to those achieved with advanced activated carbons 15, 32, 34, 35 . This result suggests a good match between the pore size and electrolyte ions size. On the other hand, at higher current density the specific capacitance slightly decreased due to an inadequate time for electrolyte diffusion into inner pores. However, at a current density of 10 A g 21 , RBC-4 and RBC-3 still maintained specific capacitances of 265 F g 21 (82% capacitance retention) and 233 F g 21 (77% capacitance retention), respectively (Fig. 3e) . Even at 100 A g
, a capacitance of 182 F g 21 was retained for RBC-4. This result might be due to mesopores formed in the carbon materials are vital for furnishing a smooth and convenient ion-transfer pathway and thus enhanced electrolyte accessibility to the microporous area, which was further proved the importance of creating easy electron/ion-transport pathways in pursuit of high-rate supercapacitors materials. Therefore, electrochem- ical performances of the RBC-4 could be better than previously reports (other biomass-based porous carbon) 31, 32, 33 , and even superior to some advanced carbon materials for high power supercapacitors, such as pseudo-capacitance exists nitrogen-doped carbons 31 , but RBC-4 showed higher specific capacitances (Fig. 3f) .
In order to explore supercapacitors for its broad applications at high energy density, ionic liquid EMIMBF 4 as electrolyte was used as its potential window is 3.5 times larger than aqueous electrolyte. The typical rectangular CV curve from 0 to 3.5 V was obtained even at 100 mV s 21 of scan rate (Fig. 4a) , indicating fast and efficient charge transfer. The RBC-4 show excellent performance with a high specific capacitance at a current density of 0. ). The Ragone plot for the symmetrical RBC-4 based device (Fig. 4d) shows that the specific energy density is about 91. 4 . This suggests that BBC-4 based electrodes can be prepared at industrial level which will give high electrochemical performance energy storage devices. Through EIS results in Fig.  S5 , not only RBC-4 has a relatively low equivalent series resistance, but also it showed the much shorter Warburg region portion.
The following factors could be summarized to elucidate the important aspects of high capacity and excellent rate capacity performance achieved in rice bran-based porous carbon based supercapacitors. First, synthesized honeycomb-like 3D porous carbon structure synthesis possess intrinsic natural pore channels framework structure provides interconnected ion channels facilitate contact between ion and material and is also attributable to good intrinsic electronic conductivity properties of material, provide fast ion channels and short diffusion distance to facilitate ion transport or decreasing the electric resistance. Second, RBC-4 has an ultrahigh specific surface area of 2475 m 2 g 21 with wellbalanced micro/mesoporosity and optimized-controlled DSP which can provide rich sites for adsorbing ions, resulting in large capacitance. For example, our smallest microporous materials peak at 0.55 nm slightly larger than the size of the de-solvated ions that could be electrochemically accessible for aqueous electrolytes 2, 3, 5, 7 . And 0.55 nm pore size is an optimized pore size for high capacitance EDLCs in 6M KOH 46 . Finally, the abundant mesopore, not only provided a large interface between the electrode and the electrolyte for maintaining good ion transport and adsorbing ions, but also help in the transport of the ions from the surface to the bulk of the electrode so that the micropores can be accessed properly [16] [17] [18] [19] . Therefore, electrochemical performance of RBC-4 is better than other advanced porous carbon materials as shown in Table S2 .
Conclusions 3D porous carbon with optimized DSP, high SSA and high density was prepared by using a facile, cost-effective, and scalable synthesis route. Highly abundant and easily accessible direct biomass raw material was obtained through rice brans as a carbon source. The higher SSA and well-balanced micro/mesopores interconnected structure of RBC-4 was used for supercapacitors electrode material. 
Experimental section
Synthesis. Rice bran used in this study was obtained from a rice mill in the Anhui Province, China. Potassium hydroxide (KOH) and hydrochloric acid (HCl) used are of analytical grade. 1-Ethyl-3-methylimidazolium tetrafluoroborate (EMIMBF 4 .99%, water content,100 ppm) was purchased from Linzhou Branch to Materials Science and Technology Co.
First, 15 g of Rice brans (RB) are carbonized in N 2 atmosphere at a rate of 3uC min 21 from room temperature to 700uC for 1 hour. The RB carbonized material (RBC) was activated with KOH in N 2 atmosphere at a rate of 3uC min 21 up to 850uC for 1 hour. The resulting dark solid was ground to powder, washed with 1 M HCl solution and distilled water. Finally, the samples were dried at 120uC for 12 h. The obtained samples were named RBC-X where X represents the mass ratio of solid KOH to RBC. 27 -0.998 to assess the porosity and surface area data of the carbons using a Micromeritics ASAP 2020. Before measurements, the samples were outgassed at 300uC for 6 h. The specific surface area and pore size distributions were calculated by the conventional Brunauer-Emmett-Teller (BET) method and density functional theory (DFT) method. Hitachi field-emission scanning electron microscopy (FE-SEM S-4800) and TEM (JEOL JEM-2100F, 200 keV) were used to analyse the size and morphology of the samples. The size of pores was observed with HRTEM. The conductivity is measured by KEITHLEY 4200-SCS from Keithley Instruments Inc.
Electrochemical measurements. The electrochemical performance of the RBC-X was measured in a symmetrical two-electrode cell. The electrodes were prepared by a mixture of 85 wt.% of sample, 10 wt.% of acetylene black and 5 wt.% of PTFE binder into pellets (10 mm in diameter) and stainless steel mesh and aluminum mesh were used as current collectors for EDLCs with 6 M KOH and EMIMBF 4 as electrolytes, respectively. The electrode films were dried under vacuum at 120uC for 6 h, and then applying a pressure of 10 MPa (30 seconds). The mass of electrode films were 8-11 mg loading in 1 cm 2 area. The calculated densities of electrode material were provided in Supporting Information S1. Polypropylene membrane was used as separator for supercapacitors.
The cyclic voltammetry (CV), galvanostatic charge/discharge and AC impedance spectroscopy (EIS) were recorded by the CHI660D electrochemical workstation. The frequency range for the impedance spectra was from 0.01 Hz to 100 kHz with 65 mV voltage amplitude. The cutoff charge voltage for the capacitor using 6 M KOH and EMIMBF 4 was set as 0-1.0 V and 0-3.5 V, respectively. The specific capacitance values of a single electrode were calculated according to Equation (1), with the formula
Where I (A) is the discharge current, dV/dt (V s
21
) is the slope of the discharge curve after the ohmic drop and m (g) is the mass of the active material in a single electrode. The energy density (E cell ), and power density (P cell ) are also calculated according to equation (2, 3) ,
Where E cell W h kg
) is the specific energy density, P cell (W kg
) is the specific power density of the symmetrical supercapacitors system, whereDV (V) is the cell voltage after ohmic drop, and t (h) is the discharge time, respectively. 
